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Abstract. The cross-shoretructureof the meanlongshorecurrenton a barred
beachs investigatedvith obserationsfrom the Duck94field experiment.Maxima
of thehourly-areragedongshorecurrentaremostfrequentlylocatedeitherslightly
inshoreof the bar crestor nearthe shoreline. At low tide the longshorecurrent
maximaarelocatedcloserto thebarcrest,andthe currentis strongerandnarraver

thanat high tide. Thetidal cross-shorealisplacemenof the longshorecurrent
maximumis qualitatvely consistenwith the obsered radiationstress,S,,,
althoughthe maximumcurrentsare displacedshoravard of the maximum S,
gradientsat bothhighandlow tide. This spatiallag suggestshatsomemechanism
(suchaswave rollers) delaysthe transferof momentunfrom wavesto the mean
flow. Bathymetriclongshoreinhomogeneitiesnay also affect the cross-shore

structureof thelongshorecurrent.

I ntroduction

Selectedobsenationsfrom the DELILAH field experi-
mentat Duck N.C. suggesthat the maximumof the mean
longshorecurrentw, occursbetweerthecrestof thesandoar
andthe trough betweenthe bar and the shoreline(Figures
8-11 of Church and Thornton, (1993)),andthatlongshore
currentvariability is coherentwith the approximatelyl m
semidiurnaltidal fluctuationsin waterlevel (Thornton and
Kim, 1993). However, the generalityof theseresultsover
thewide rangeof wave (Long, 1996),wind, andbathymetric
(e.g. pronouncedandbarandalongshorénhomogeneities
(Lippmann and Holman, 1990;Gallagher, 1996))conditions
obsenedatDuckis unknavn. Herethecross-shorstructure
of @ is further exploredwith obsenationsfrom the Duck94
field experiment.

Duck94 Observations

The experimentsite is locatedon a long straightbarrier
island exposedto the Atlantic Ocean. Directional proper

ties of seaandswell (including the wave radiationstresses,
Szy) were estimatedwith datafrom a 2-dimensionakrray
of 15 bottom-pressursensordocatedin 8 m water depth
operatedby the Field Researchracility (FRF) of the U.S.
Army Corpsof Engineers(Long, 1996). Longshorecur-
rents, wave-inducedbottom pressuresand the location of
theseafloomereobsenedwith colocatedidirectionalelec-
tromagneticcurrentmeters pressuresensorsandsonaral-
timeters(Gallagher et al., 1996)deployedon a cross-shore
transectextending 750 m from the shorelineto 8 m water
depth(Figurel). The sensorsveresampledat 2 Hz for ap-
proximatelytwo months. At eachpressuresensofcurrent
meterpair, hourly valuesof S, werecrudelyestimatedus-
ing lineartheory

Conditionsduring Duck94 are shawvn in Figure2. In 8
m waterdepth thesignificantwave height(Hj;,) rangedoe-
tween0.2m to 4 m andthemeanwave anglebetweent50°,
sothatthetotal ( eg. frequeng-integrated) incidentwave
radiationstressS,, /p (Wherep is thewaterdensity)in 8 m
depthrangedfrom —0.7 to 0.5 m?/s? (figures2a-c). The
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Figure 1. The cross-shordocationof currentmeters(A),
andmeasuredbathymetryrelative to sealevel on August25
(solidline) andOctober26 (dashedine). An additionalcur-
rentmeterocatedatcross-shorécation749min 8 mwater
depthis notshavn.

mean(e.g. centroidal) wave frequeng rangedfrom about
0.08to0 0.2Hz (not shavn). Maximummeanlongshorecur-

rents(in eachhourlongrecordgmax) rangedromo.1to1.4

m/s (Figure2d). Thebarcrest,originally located80mfrom

themeanshorelinegraduallymigratedl20m offshore(Fig-

ure 2e, after Gallagher, 1996). Fluctuationsin meanwater
level wereaboutl m at springtide. The slopeof the beach
foreshoreis about1/10 (Figure 1), so tidal fluctuationsin

thelocationof themeanshorelineareabout10m. Tidal cur-

rentsin depthdessthan8 m arelessthan0.03m/s(S.Lentz,
personatommunicatiori996).

Results

Thesandbaris expectedo stronglyeffect thelongshore
currentsoanormalizeccross-shoreoordinates definedas,
o= ET T 1)
Zbar — Z0
wherez is thecross-shoreoordinategy,,, is thecross-shore
locationof thebarcrest,andzg is thecross-shoréocationof
the mostnearshoresensouv02. The distancefrom sensor
uv02 to the meanshorelinewas typically lessthan 10 m.
Depthsat uv02 (' = 0) rangedfrom about0.2to 1.2 m.
In this coordinatesystem the bar crestis alwayslocatedat
z' = 1, butthelocationof thetroughis notconstanbecause
of variability in the shapeof the cross-shorseafloomprofile
(eg. Figurel).
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Figure 2. Hourly valuesof (a) significantwave height H;,
in 8 m depth(b) deviation of the meanincidentwave an-
gle from shorenormal(positive anglescorrespondo waves
from thenorthernquadrant)c) Sy, /p in 8 m depth(d) max-
imum houraveragedongshorecurrentvny,,, (€) barcrestlo-
cation(dashedandthe cross-shoréocationmax. Umax IS
plottedonly if therewereat leastfive active currentmeters
andvg.x > 0.25 m/s. Out of 1464 possiblevalues,572
hourly maximapassthesecriteria. The few maximaoccur
ring morethan250m from shorearenotshavnin (e).

The location of the longshorecurrentmaximum, o, .y,
is broadly distributed and roughly bimodalin the normal-
ized coordinatesystem(1) (Figure3, after Gallagher, 1996
). Maximamostoftenoccureitherslightly inshoreof thebar
crest(0.65 < z' < 1.2) or nearthe shoreline(z’ < 0.3).
Rarelydoesonax 0ccurseavardof thebarcrest,evenwhen
largewaveswerebreakingwell seavardof thebar(z' > 2).
The few maximalocatedwell seavard of the bar cresttyp-
ically areweak (Umax ~ 0.3 — 0.4 m/s)andapproximately
correspondo timesof strongbuoyang drivenflows (Rennie
and Largier, personalcommunicationl996). The stronger
longshorecurrents(z > 0.8 m/s) areassociatedvith large
offshoreS,,, (Figures2cand2d)andoccurnearthebarcrest
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Figure 3. Magnitudeof the maximumof the hourly av-
eragedongshorecurrentin normalizedcross-shoreoordi-
nate,z’ (1). The upperpanelshows the entire cross-shore
region. Theregion0 < z' < 2 is enlagedin the lower
panel.

(0.65 < ' < 1.2). Wealer maxima(0.25- 0.7 m/s) occur
typically nearthe shoreline(0 < z' < 0.3) or nearthe bar
crest,with few maximain theregion in between.Many of
thelargervy, .y (0.4-0.6m/s)in theregion0 < z' < 0.3 oc-
cur after the sandbamigratedfar offshorein mid-October
(Figure2e).

Tides dominatethe variability of the local water depth,
andthusaffect wave shoaling,breaking,andthe longshore
current. Whenw,,,, is nearthebarcrest(0.65 < ' < 1.2),
thelocationof v,,., is tidally modulated Figure4). At high
tide, Tnay is rarely locatedoccursseavard of ' = 0.8,
whereasat low tide v, is nearz’ = 1. Tidal effectson
thelocationof T4« aresmallerwhenv,,,, is nearshoreline
(' < 0.3). Tidal differencesn the cross-shorstructureof
v arefurtherillustratedin Figure5. The currentprofilesat
low tide exhibit anumberof similarfeaturespm.x islocated
closeto ' = 1, andthe currentfalls off rapidly shoravard
of themaximum.Closeto thebeachy is approximatelyl/4
of Tmax. IN contrastat high tide v, is farthershoravard
(aroundz’ = 0.7, consistentwith Figure 4), wealer, the
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Figure4. Locationandmagnitudeof v,,.,, Obsenedwithin
aboutl.5 hoursof tidal extremain normalizedcross-shore
coordinate Therearel57low tide (+) and108hightide (o)
values.

currentprofile is broaderandnearthe shorelinew is about
1/2-2/3of Tmax. The obseredw tidal variationis consis-
tentwith the phaserelationshipdetweerv andsea-leel at
tidal frequenciesoundby Thornton and Kim (1993).Wave-
breakinginducedgradientsin significantwave heightsare
greaterduring low tide thanhigh tide (0.8 < z' < 1.5
in Figure 6), resultingin smallerwaves shoravard of the
sandbarat low tide (Hgz ~ 0.7 m) relative to high tide
(Hsig ~ 1.0 m)

Thedifferenceswithin thelow (Figure5a)andhigh (Fig-
ure 5b) tide cross-shorestructureof ¥ are primarily owing
to differencesn the conditionsover the two daysspanned
by the obsenations. The barwasrelatively stationarymov-
ing 7m, Hg;; in 8 m depthrangedirom 1 to 2 m (Figure6),
the meanincidentwave anglefrom 15 to 45 degrees,and
Szy/p from 0.2to 0.5m3/s?. Similar qualitative features
in thetidal variationof 7 wereobsenedat othertimeswhen
thelongshorecurrentwasstrongfor severaltidal cycles(e.g.
Sept2-5andOct10-16).

Themodeledidal variationof Hg;, andw, for wavesand
bathymetryrepresentadie of Figures5 and 6, are shovn
in Figure7. The wave heightsare modeledusing Church
and Thornton (1993),with freemodelparameterselectedo
bestfit the obsernedwave heights. The qualitative features
of theobsened Hy;,; distributions(Figure6) arereproduced
by themodel(Figure7a),exceptcloseto the shoreline.The
longshorecurrentpredictionsare madeusing the modeled
Hy;, variationandobsened (in 8 m depth)directionalwave
propertiesn the Thornton and Guza (1986)longshorecur-
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Figure 5. Meanlongshorecurrentsin thenormalizedcross-
shorecoordinater’ (1) duringOctoberl0and11. (a) 3 low
tides(b) 4 hightides.

rent model. A drag coeficient of 0.015resultsin similar

magnitudedor the modeled(Figure7b) andobsenred (Fig-

ure5) currents.Similarto previousresults(e.g. Church and

Thornton, 1993andothers)the modeledongshorecurrents
have thefamiliar problemof predictingaflow with two max-

ima, oneseavardof the barcrestandoneneartheshoreline,
with no flow in the bartrough. The modeledlow andhigh

tide maximaoccuratz’ ~ 1.25 andz’ ~ 1.1 respectiely,

fartheroffshorethanobsered (Figure5). In physicalunits,

thedisplacemenof the maximumis about30 m.

Two commonly given reasons(among mary) for the
modelfailureare: (1) Theremaybeaspatiallagin thetrans-
fer of momentumfrom the waves to the meanflow, pos-
sibly associatedvith wave rollers (Svendsen, 1984; Dally
and Brown, 1995; and mary others). (2) Longshoreinho-
mogeneitiesn the bathymetryandwave field may resultin
nonlineartermsor longshorepressuraradienttermsin the
longshoremomentumequation(e.g. Putrevu et al., 1995).
Someof theobsenationsareconsistenwith thelag hypoth-
esis,andthereare other exampleswherealongshordanho-
mogeneitiegrelikely dominant.
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Figure 6. Significantwave heightin the normalizedcross-
shorecoordinater’ (1) duringOctoberl0and11. (a) 3 low
tides(b) 4 hightides.

The cross-shorevariationof .S, for the successie low
andhigh tide casegFigure5 and6) is shavn in Figure 8.
At low tide, strongS,, gradientsare obsened seavard of
thebar(l < z’ < 1.5, Figure8a),whereashoravardof the
barcrest,S,, is relatvely constantTheshorevarddisplace-
mentof the obsenedlongshorecurrentmaxima(Figure5a)
relativeto strongS,,, gradientgFigure8a)is consistentvith
aspatiallag in thetransferof momentumto the meanlong-
shorecurrent. At high tide, the region of strongS,, gradi-
entsis slightly seavard of the bar crest(0.9 < z' < 1.25,
Figure8b), andseavard of thelocationof T,y (2" =~ 0.7)
againindicatinga spatiallag in thetransferof momentunto
themeanflow. Thetidal differencesn thecross-shorstruc-
tureof v (i.e. thethe broadingof v at high tide, Figure5)
may berelatedto tidal variationsin thelaggingmechanism.

An exampleof longshorecurrentdik ely affectedby long-
shorebathymetridnhomogeneitiess shovnin Figure9. Al-
thoughthewaveswereenegetic(Hs;; = 3 min 8 mdepth),
they werenearlynormallyincident(the meanincidentwave
anglein 8 m depthwas 2°) and thus S;, in 8 m depth
was small ( about0.1 of S, with lessenegetic but more
obliquelyincidentwavesin Figure8). Theobsenationssug-
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Figure 7. Modeled(a) significantwave heights(b) mean
longshorecurrents (¢) model bathymetryin normalized
cross-shoreoordinate(1). Solid curvesrepresentow tide

and dashedcurves are high tide. The incident wave pa-
rametersarerepresentatie of conditionsin Figure5 and6:

Hge = 1.5 mandd = 25°.

gestthatS,, andS,, gradientsaresmall everywhere(Fig-

ure 9b), and that wave breakingbegan(z > 200 m, Fig-

ure9a)far offshoreof thelocationof ., (z ~ 25 m, Fig-

ure9c). Theobsenredlongshorecurrentjet (Figure9c) near
the shorelineis inconsistentvith model predictions(based
on Thornton and Guza, 1986) of negligibly small currents
(not shavn). Time elapsedvideo images(R.A. Holman,
personatommunication1996)suggesthatthebathymetry
was longshoreinhomogeneous.Threedimensionalbathy-
metricsuneyswerenotavailablebecausef thestormycon-

ditions,however, thefirst post-stornsurwey (October20) did

revealstronglongshorénhomogeneitySancho et al. (1996)
demonstratethatthisinhomogeneousathymetrycancause
pressurgradientsandnonlineartermsto becomeamportant
in thelongshoremomentunbalance.
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Figure 8. S,,/p for the caseqOctoberl0 and11) shavn
in Figures5 & 6 in the normalizedcross-shore&ross-shore
coordinater’ (1). (a) low tide (b) hightide. Theaccurag of
Sgy estimatess limited becausef uncertaintiesn current
meterrespons@andorientation,andbecauserrorsin linear
theorymay besignificantin the surfzone.Only two low tide
profilesareshavn becaus®f unavailabledata.

Conclusions

Obsenationsspanninga wide rangeof bathymetricand
wave conditionsshav that the probability distribution of
cross-shordocation of longshorecurrent maximais bi-
modal. Maximatypically occurnearthe crestof the sand
bar or nearthe shoreling(Figure 3). At both high andlow
tide, the obsenred currents(Figure 5) are qualitatively con-
sistentwith the obsered S,, (Figure 8), althoughwith a
spatiallag, perhapsassociatedvith wave rollers. The 1l m
tidal fluctuationsn sealevel affectthe cross-shorstructure
of the longshorecurrent(Figure4). At low tide, the cur-
rentjet is stronger narrover, andlocatedcloserto the bar
crestthanat high tide (Figure5). The reasonfor the tidal
changesn thelongshorecurrentstructureis unknowvn, how-
evertidal changesn the wave forcing aresurelyimportant.
Clearly more quantitative work is necessaryThe obsened
variationin the cross-shorestructureof the longshorecur-
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Figure 9. Obsened cross-shorevariation of (a) signif-
icant wave height (b) S,,/p (c) longshorecurrentw (d)
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rentacrossa tidal cycle is a robust feature(seealsoFigure
12 of Thornton and Kim, (1993)),andonestepin the verifi-

cationof aroller modelwould beto reproducegualitatively

theobsenredtidal variationof thelongshorecurrent.Finally,

althoughthemagnitudeof theeffectsof longshorébathymet-
ric inhomogeneitiess notknown, therearecasesvherethey

dominatethelongshorecurrent(Figure9).
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